BACKGROUND: Prior studies evaluating racial/ethnic differences in responses to antiretroviral therapy (ART) among HIV-infected patients have not adequately accounted for many potential confounders, and few have included Hispanic patients.
INTRODUCTION
Black and Hispanic persons account for a disproportionate proportion of HIV/AIDS cases in the United States. 1 In 2005, rates of HIV/AIDS were highest in these racial/ethnic minority groups compared with others, with rates per 100,000 population of 71.3 for black and 27.8 for Hispanic persons. 2 Furthermore, 2003 US mortality statistics indicated HIV/AIDS was the third and fourth leading cause of death among those 35 to 44 years of age for black and Hispanic persons, respectively, compared with sixth for White persons in this age group .3 These racial/ethnic disparities underscore the public health obligation to provide equal access to care for the diagnosis and treatment of HIV infections. However, it is not firmly established whether equal access for HIV-infected persons would result in similar clinical outcomes among racial/ethnic groups. Others have investigated differences in the risk of AIDS or death by race/ethnicity, [4] [5] [6] [7] [8] [9] [10] [11] [12] but few have included Hispanic patients. 4, 10, 11, 13 Most studies have reported no racial/ethnic differences in clinical progression of HIV, [4] [5] [6] [7] [8] [9] [10] 13 although 1 large study indicated that Black and Hispanic patients had higher mortality rates compared with White patients, 11 and another indicated higher mortality rates for Hepatitis C co-infected White compared with Black patients. 12 However, studies were limited by small sample sizes for certain racial/ethnic subgroups, 4, 6, 9, 10, 12, 13 and limited 7, 8, 11 or no adjustment 9, 12 for potential confounders.
The Kaiser Permanente Northern California (KPNC) HIV patient population offers unique advantages for a more comprehensive analysis on this topic. First, certain attributes of care at KPNC may contribute to reduced racial/ethnic differences in outcomes. Specifically, all patients have comprehensive medical insurance coverage, and thus outcome differences attributable to variations in access to care are reduced. In addition, HIV care in KPNC is guided by the principles of integrated, chronic condition management and multidisciplinary HIV specialty care. A second advantage of this setting is the large HIV registry with historical data on more than 17,000 patients, including a substantial number of racial/ethnic minorities. The comprehensive clinical and administrative databases allow for more complete consideration of potential confounding factors such as socioeconomic status, HIV disease stage, and ART adherence.
METHODS

Study Design, Setting, and Participants
We conducted a retrospective observational cohort study for years 1996 to 2005 of adult HIV-infected patients initiating ART within KPNC, a large integrated health care system providing comprehensive medical services for over 3 million members (representing~30% of insured Northern Californians 14 ). Our main objectives were to measure racial/ethnic differences in ART adherence, new AIDS events, and all-cause mortality after ART initiation.
The study population consisted of White (i.e., non-Hispanic White), Black (i.e., non-Hispanic African-American, or African immigrants), and Hispanic HIV-infected patients at least 18 years of age or older who initiated ART in KPNC and who had at least 6 months of health plan membership before ART initiation (i.e., to ensure that patients were initiating ART in KPNC). ART was defined as a regimen containing 3 or more antiretrovirals. 15 Among 10,210 adult HIV-infected patients followed in KPNC between 1996 and 2005, 7,263 were prescribed ART. Study exclusions were 591 patients with unknown race/ethnicity, 341 in racial/ethnic categories with small sample sizes (265 Asian/Pacific Islander, 76 other), and 1,629 patients with less than 6 months of prior membership, resulting in a study population of 4,686 patients.
Data Sources
As described in prior studies, 16 
Antiretroviral Therapy Adherence
We measured ART refill adherence using previously described and validated methods . 18 Briefly, for each individual antiretroviral drug in a regimen, we computed the percent of total days between refills with pills available. Adherence estimates for individual antiretrovirals were averaged over all drugs in a regimen. The metric for ART adherence was thus the percentage of days with antiretroviral medication coverage between refills for a particular medication that was averaged for all antiretrovirals prescribed during an interval, and could have values between 0% and 100%. For ART adherence as an outcome, we computed ART adherence over a maximum of 2 years after ART initiation. For AIDS and death, with adherence as a predictor, we computed time-updated adherence between 2 clinic visits at least 3 months apart.
Clinical Endpoints
The primary endpoints examined were all-cause mortality and new clinical AIDS-defining events (1993 CDC AIDS criteria 19 [excluding the CD4<200 criterion]) that resulted in a hospitalization. We also examined changes in HIV-related laboratory parameters by race including CD4 T-cell counts and time to HIV RNA levels of less than 500 copies/mL. Patients were followed until the earliest of either an outcome of interest, KPNC unenrollment, or December 31, 2005 (the end of follow-up).
Statistical Methods
Our primary predictor of interest was race/ethnicity categorized as White, Black, and Hispanic. We compared descriptive statistics at ART initiation by race/ethnicity using Pearson's chi-square statistic for categorical variables and KruskalWallis test for continuous variables. Next, we compared mean adherence levels by race/ethnicity using linear regression . Multivariable model selection involved an approach described previously 20, 21 that included baseline variables with univariate tests of association with race/ ethnicity that were significant at P<0.25 as well as variables of known clinical importance. Potential confounding variables considered were age, sex, HIV transmission risk factor, 2000 census-based measures of lower education (i.e., ≥25% in census tract <high school diploma), lower income (i.e., ≥20% in census tract below poverty line), public health insurance (Medicaid or Medicare), ART initiation year (to adjust for temporal trends), ART class, antiretroviral naïve or experienced, years of known HIV-infected, prior AIDS, Hepatitis C coinfection, baseline CD4 T-cell counts, baseline HIV RNA levels, outpatient depression diagnoses, and a modified Charlson comorbidity index 34 (excluding HIV/AIDS).
We next computed racial/ethnic specific incidence rates for death and new AIDS events. We used the Kaplan-Meier estimator and Cox proportional hazards regression models 22 to analyze time to death or first AIDS event by race/ethnicity. Variables analyzed and the method for selecting the final multivariable model was the same as for adherence. We also considered a model additionally adjusted for time-updated ART adherence.
We further compared racial/ethnic differences in time to HIV RNA levels of less than 500 cp/mL through 2 years using Kaplan Meier plots and Cox regression, 22 and changes in CD4
T-cell counts through 6 years using generalized estimating equation (GEE) methods ,23 allowing for a change in slope at 1 year after ART initiation. Finally, we included covariates for time-updated CD4 and HIV RNA in models for AIDS and death to determine if these had an intermediate effect.
Analyses were performed with SAS software version 9.1 (SAS Institute, Cary, North Carolina, USA), using proc GLM for linear regression, proc PHREG for Cox models, and proc GENMOD for GEE. The institutional review board at KPNC approved this study including a waiver of informed consent.
RESULTS
The study population consisted of 3,106 White, 919 Black, and 661 Hispanic patients. White patients, compared with Black or Hispanic patients, were older, had longer follow-up, had more years of known HIV-infection, and were more likely to be antiretroviral experienced, report being men who have sex with men, and have a depression diagnosis ( Table 1) . Many of these differences likely reflect the more recent HIV/AIDS epidemic in Black and Hispanic compared with White individuals. 24 Black and Hispanic patients were also more likely to live in census tracts with lower education and income levels, and Hispanic patients were less likely to have public health insurance. Mean adherence levels over 2 years of ART in multivariable models were 70.1% for White, 64.2% for Black (P<0.001 compared with White patients), and 65.2% for Hispanic (P < 0.001 compared with White patients and P=0.51 compared with Black patients) ( Table 2) . We observed 644 total hospitalizations for clinical AIDS: 437 events among White patients (31.9/1,000 person-years), 131 events among Black patients (38.0/1,000 person-years), and 76 among Hispanic patients (30.6/1,000 person-years). Overall, the most common events were Pneumocystis jirovecii pneumonia, Kaposi's sarcoma, wasting syndrome, cytomegalovirus, and nonHodgkin's lymphoma (Table 3) . Few differences by race/ ethnicity were observed for specific AIDS-defining events, although Hispanic patients had a low frequency of wasting syndrome and Black patients had a low frequency of nonHodgkin's lymphoma.
Although there was some suggestion that Black patients had the highest and Hispanic patients the lowest risk of any new AIDS event (Fig. 1, left panel) , the corresponding unadjusted hazard ratios (HR) were not statistically significant. Inferences by race/ethnicity did not change in multivariable models, with adjusted HRs of 1.3 (95% CI: 1.0, 1.9; P=0.09) and 0.9 (95% CI: 0.6, 1.4) for Black and Hispanic patients, respectively compared with White patients (Table 4) , and 0.7 (95% CI: 0.4, 1.1) for Hispanic compared with Black patients. With additional adjustment for ART adherence, the adjusted HRs were 1.2 (95% CI: 0.9, 1.8) and 0.9 (95% CI: 0.6, 1.3) for Black and Hispanic patients, respectively compared with White patients, and 0.7 (95% CI: 0.5, 1.0; P=0.051) comparing Hispanic and Black patients.
We observed 521 total deaths: 375 deaths among White patients (25.2/1,000 person-years), 101 deaths among Black patients (27.1/1,000 person-years), and 45 deaths among Hispanic patients (16.4/1,000 person-years). The majority of deaths for all racial/ethnic groups were AIDS-related (Table 3) . Hispanic patients had a lower relative frequency of cardiovascular-and cancer-related deaths compared with other racial/ ethnic groups. There was some suggestion (Fig. 1, right panel) that Black patients had the highest and Hispanic patients the lowest risk of death compared with White patients, corresponding to unadjusted HRs of 1.1 (95% CI: 0.9-1.4) and 0.7 (95% CI: 0.5-0.9), respectively. Hispanic patients also had a statistically significant lower risk of death compared with Black patients, with an HR of 0.6 (95% CI: 0.4-0.8). However, the survival benefit for Hispanic patients was no longer observed in multivariable models: the adjusted HRs were 1.2 (95% CI: 0.8-1.7) for Black patients and 0.9 (95% CI: 0.6-1.4) for Hispanic compared with White patients (Table 4) , and 0.8 (95% CI: 0.5-1.3) for Hispanic compared with Black patients. Additional adjustment for adherence did not change inferences, with adjusted HRs of 1.4 (95% CI: 1.0, 2.0; P=0.07) and 0.9 (95% CI: 0.5, 1.5) for Black and Hispanic patients, respectively. Similarly, with the additional adjustment for ART adherence, the HR comparing Hispanic and Black patients was 0.6 (95% CI: 0.4, 1.1).
Mean CD4 T-cell counts at baseline were highest among White patients, 291 cells and lower among Hispanic patients, 275 cells, and Black patients, 256 cells (P<0.001) (Fig. 2) . By 6 years, CD4 T-cell counts were 30 cells/µL higher in White compared with both Hispanic and Black patients (P=0.07). However, the rate of change in CD4 T-cell counts was similar by race/ethnicity (data not shown). We observed no differences by race/ethnicity in time to HIV RNA of less than 500 copies/mL, with more than 90% reaching HIV RNA of less than 500 by 24 months in each racial/ ethnic group (Fig. 3) . Additional adjustments for time-updated CD4 T-cell counts and HIV RNA levels had no effect on the risk of clinical AIDS or death, indicating these did not have a strong intermediate effect (data not shown).
DISCUSSION
We did not observe a negative disparity with respect to a risk of clinical AIDS or death for racial/ethnic minorities compared with White patients. In fact, Hispanic patients had a statistically significant 34% survival benefit compared with White Time to HIV RNA<500 copies/mL by race/ethnicity. Kaplan-Meier curves presented for time to HIV RNA<500 copies/ mL within 2 years after antiretroviral therapy initiation. Hazard ratios (HR), 95% CIs and P-values are also presented.
patients, and a 42% survival benefit compared with Black patients, but no statistically significant differences for racial/ ethnic groups were observed after adjustment for demographics, socioeconomic status, and clinical factors. Adherence to antiretrovirals, however, was lower in Hispanic and Black compared with White patients, although this did not influence observed results for clinical outcomes. The absence of racial/ ethnic differences in clinical outcomes may be a result of both the comprehensive medical insurance coverage and integrated health care delivery model of KPNC. Our finding of reduced mortality in HIV-infected Hispanic patients is somewhat surprising given the observed lower adherence rates, reduced immunological responses, and lower census-based socioeconomic status compared with White patients. However, this phenomenon has also been observed for Hispanic persons in the general population without HIV infection who, despite similar socioeconomic status to Black individuals, have clinical outcomes, including cardiovascular and cancer-related mortality similar to or better than White individuals. 25, 26 This phenomenon has been termed the "Hispanic epidemiological paradox", with differences in diet, genetics, and extended family support as possible explanatory factors . 26 Few prior studies in HIV patients have considered differences in clinical outcomes among Hispanic patients compared with other racial/ethnic groups. 4, 10, 11, 13 Of these, 3 reported similar 4,10,13 and 1 reported worse 11 clinical outcomes for Hispanic compared with White patients. Our study is the first to report significantly reduced mortality for HIVinfected Hispanic patients. Of note, Hispanic patients had particularly low numbers of cardiovascular and cancer-related deaths, consistent with the Hispanic paradox. However, the overall survival benefit was not observed after adjustment for other factors. Our study is unique in several respects. First, the results are highly generalizable with very similar demographics comparing our patient population to reported HIV/AIDS cases in California .14,27 Second, there is substantially reduced confounding due to unequal access to care because all patients had comprehensive medical coverage. Third, the clinical and administrative databases of KPNC allow for more complete consideration of potential confounding factors, and allow for the investigation of intermediate factors such as CD4 T-cell counts, HIV RNA levels, and ART adherence. Finally, this study is one of the largest to evaluate racial/ethnic differences in clinical outcomes among HIV-infected patients, and included the largest sample to date of Hispanic patients. To put our study results in context, it is particularly useful to evaluate studies among other populations with access to comprehensive medical coverage, including countries with universal health care, 6, 9 and the U.S. military, 5, 8, 11, 12 which provides free health insurance to current and retired personnel. Several of these indicated no differences in clinical outcomes comparing Black and White HIV-infected populations, including studies in Denmark, 6 the United Kingdom, 9 and 2 large studies of U.S. military personnel 8 and U.S. veterans. 5 However, another large study of veterans indicated that Black and Hispanic patients each had a 41% higher age-adjusted risk of death over White patients. 11 Finally, a smaller study indicated higher mortality rates for White compared with Black patients among those with Hepatitis C co-infection 12 . Only 2 studies among U.S. veterans had a larger overall sample size compared with this study, although one only adjusted for age, 11 and the other evaluated only mortality after hospitalization. 5 These prior studies, however, did not adjust for the There are limitations to the study. First, therapy adherence was based on prescription refills records and not actual pills consumed. Thus, it is conceivable, although unlikely, that patients did not take medications once filled. However, the misclassification is probably small and not likely to differ by race/ethnicity. Furthermore, an important advantage of this method is that it does not rely on patient recall of pills consumed. An additional limitation is that the results might not be generalizable to HIV-infected patients without medical coverage. However, data indicate members are very similar to the local surrounding and statewide population with respect to age, sex, and race/ethnicity, with only slight underrepresentation of those in lower and higher income and education categories .14, 27 We also believe our finding of a lack of racial/ ethnic differences in outcome for HIV-infected patients is generalizable to other integrated healthcare systems with comprehensive medical coverage, including other private and public institutions. A further limitation is the potential for residual confounding by socioeconomic status. It is possible that KPNC HIV-infected patients may be economically more advantaged than non-KPNC Black and Hispanic patients 14, 27 ; thus census-based measures of socioeconomic status would not fully adjust for such differences. Our study confirms that in this setting of similar access to integrated care for HIV-infected persons, there is no disparity with respect to clinical outcomes for racial/ethnic minorities. In fact, we observed a lower unadjusted mortality rate for Hispanic patients compared with other racial/ethnic groups, consistent with the Hispanic epidemiological paradox. Confirmation of this finding in other HIV-infected populations is needed. Despite these encouraging results, Black and Hispanic patients had both lower mean adherence rates and lower CD4 T-cell counts compared with White patients. Thus, continued study of outcomes between racial/ethnic groups is warranted.
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